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Abstract 
Residential areas of Kuwait have been affected by rising groundwater levels for many years. The main reason for this 
problem is the increased recharge derived from the excessive irrigation of gardens and parks, and leaks from sewage 
networks, where the hydraulic characteristics of the lithology play an important role in intensifying the impacts of this 
phenomenon at local scale. The objective of this paper is to assess the hydrological conditions of Al-Qurain residential area 
to identify the extent and the causes of the water rise problem. 
A total of 25 wells of various depths were drilled, constructed and sampled at the study area. Water level loggers installed in 
the drilled wells indicated that water levels are fluctuating on daily bases and increasing up to 50 cm during winter months 
due to the reduction of evapotranspiration and recharge from rainfall. 
Combining the water level records and the results of the isotopic, chemical and biological analysis, it was concluded that the 
top 20 m of the aquifer water is made up of mostly irrigation, waste and rain water in addition to the aquifer groundwater. It 
was also observed that the intruding water from lower Dammam aquifer is dominating the aquifer beneath 40 m depth. This 
conclusion along with the steep topography of the area explained why this area is naturally prone to water rise. 
The study recommended the utilization of integrated system of dewatering wells along with desalination units to lower the 
water level and re-utilize the groundwater. On the prevention side, it is recommended to conduct an awareness campaign that 
educate the residents of the impacts of over use of water on their own properties. 
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1. Introduction 
Residential areas of Kuwait City, being a costal megacity within an arid region, have been affected by rising 
groundwater levels and the environmental problems that are typically associated with it for many years. The 
impacts of such a water rise are typically numerous and severe including flooding of basements and foundations, 
corrosion of network pipes, deterioration of underground installations, deterioration of groundwater quality, 
surface water logging and other effects which are objectionable on environmental and health grounds [1-5]. 
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The study area (Al-Qurain, Al-Adan, Al-Qusour and Mubarak Al-Kabeer) is one of the significantly impacted 
urban areas of Kuwait. However, the problem is compounded even further in the case of the study area by the 
presence of an old landfill, which has the potential of contaminating the rising water.  
The Al-Qurain area (Fig. 1) is one of the largest recently (1988) developed urbanized suburbs in Kuwait with a 
population of more than 100,000. Different types of private houses and governmental buildings are present in 
this area, with attendant support facilities. These support facilities include water supply and sewer system 
networks, landscaping projects and public gardens. A large number of private gardens of different sizes also 
abound in the area.  
An old and abandoned landfill is located within the perimeter of the area. The Environment Public Authority 
(EPA) monitors the landfill site with the aim of protecting the inhabitants of the area from the adverse effects of 
any environmental deterioration, and of rehabilitating the site. 
Residents in certain localities of this suburb have recently experienced the problem of subsurface water rise that 
has threatened the foundations and basements of their houses. The objective of this paper is to assess the 
hydrological conditions of Al-Qurain residential area to identify the extent and the causes of the water rise 
problem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Study Area. 
2. Methodology 
To achieve its objectives, this study adopted the following approach. The localities affected by the water rise 
within the study area were identified based on the available data as well as field surveys. A total of 25 
monitoring wells and one production well have been drilled. For the purpose of characterizing and monitoring 
the uppermost portion of the groundwater, 19 wells were distributed over the study area to provide spatial 
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coverage of the area or to monitor specific land use or observation. On the other hand, 5 wells were drilled with 
varying depths at the same location to enable vertical profiling of the water quality. Zonation of the sediment 
sequence in the study area was carried out on the basis of megascopic descriptions of cores and drill cuttings and 
supported by grain size and geophysical logging. The water level rise and the water chemistry were monitored 
using the monitoring wells. The water level measurements and their changes with time were monitored using 
water level loggers to provide information on the recharge, whereas the water quality should have given some 
clues to the source of this water. The effects of old landfill also came under the purview of this monitoring. The 
influence of the hydrostratigraphy on the pattern of water rise and the movement of the pollutants from the 
landfill site has been deciphered using a number of investigative tools that include monitoring wells and 
boreholes, natural isotopic tracers, chemical analysis, and field verifications. 
3. Results and discussions 
In addition to the hydrogeological information, the maps of the study area showing the topography, roads, 
buildings, private gardens, public parks and other major features of the study area were obtained from various 
sources. The majority of the study area is occupied by private housing buildings, public buildings, roads and, to 
a lesser extent, by public gardens. The topography of the study area shows significant variations in ground 
elevation ranging between 13 and 67 m above sea level. Generally, the land slope is towards the east with some 
inclination towards the north. Also, a significant feature of the study area is the abandoned land fill. 
The lithostratigraphic sequence in the drilled wells in the study area is divided into two main units, the clastic 
deposits of the Kuwait Group and the underlying carbonates belonging to the Dammam Formation. The 
conceptual model for local lithostratigraphy is presented in Table 1. 
Table 1.  Local lithostratigraphic sequence in the study area. 
Group Formation Depth (m) Lithology 
Kuwait 
Group 
Undifferentiated 
00 to 05 Sand 
05 to 09 Muddy sand 
09 to 19 Gravelly sand 
19 to 20 Muddy sand 
20 to 27 Sand 
27 to 31 Gravelly sand 
31 to 35 Sand 
35 to 44 Gravelly sand 
44 to 57 Sand 
57 to 67 Gravelly sand 
67 to 75 Green mud 
Hasa Group Upper Dammam formation 
75 to 92 Chertified  dolomitic limestone (karst zone)   
92 to 119 Chalky dolomitic limestone  
 
Groundwater levels were interpolated and in few areas extrapolated to produce a groundwater level map (Fig. 
2). The water level contour lines show an overall trend of eastern flow with strong northern inclination at the 
northern parts of the study area. The figure also shows a groundwater gradient that reaches about 10 m/1 km 
across the landfill. Such a steep gradient might be an indication of the low conductivity of the landfill material 
in comparison to the aquifer material.  
Water level loggers have been installed in 10 of the monitoring wells. Data from these loggers were used to plot 
hydrographs for the respective wells. Overall, the hydrographs have shown a general increase in water levels 
during the fall/winter/spring season (Fig. 3).  
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It is noteworthy that the seasonal changes in water levels ranged between 20 to 60 cm. It is well known that 
water level fluctuations, rather than water rise, may impact the mechanical properties of the soil, hence the 
foundations. However, such a limited fluctuation amplitude may not be of significance.  
Based on the measurements of groundwater depths below the ground level at the drilled wells, a map was 
prepared to illustrate the current risk of basement flooding at the study area. Overall, about half the study area is 
at medium to high risk of basement flooding, while the other half is in low to no risk category. Generally, the 
eastern half of the area is at higher risk than the western half, which is logical given the topography of the area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Groundwater levels at the study area. 
 
 
Groundwater at the study area has two main regional sources in addition to local recharge sources. Those are the 
uppermost aquifer, the focus of these investigations, which is the Kuwait group, however influenced by local 
recharge, and beneath that is the Dammam Formation. Though these aquifers are hydraulically connected, the 
quality of the groundwater within the two aquifers are somewhat distinguishable, especially at the study area. 
The Total Dissolved Solids (TDS) values were plotted against the sampling depths (Fig. 4). The figure shows a 
positive correlation between the two variables, however, and considering the well-known fact that salinity 
increases with depth in practically all groundwaters of Kuwait, the R2 value of 0.57 is less than expected. One 
reason for this could be the impact of surface recharge which is not spatially consistent. 
8   M. Al-Senafy et al. /  Procedia Environmental Sciences  25 ( 2015 )  4 – 10 
 
Fig. 3. Groundwater hydrograph for well QR-4 over one-year period. 
 
 
 
 
 
Fig. 4. Relation between sampling depth and total dissolved solids. 
 
The water samples collected from the potential sources (i.e., rainwater, seawater, wastewater, and 
freshwater) for water rise have been analyzed for different water quality parameters.  The water from brackish 
water network has salinity around 4610 mg/l and is free from any organic and bacterial contamination. 
Freshwater was found with 220 mg/l salinity and free from any organic and bacterial contamination. Wastewater 
was found with the salinity of 2875 mg/l and contaminated with bacterial parameters (including fecal 
coliforms). Ammonia and phosphate were also detected in wastewater. The collected seawater was highly saline 
(45960 mg/l) and found contaminated by bacterial parameters. Ammonia and phosphate were detected in low 
concentrations. Rainwater was found with very low salinity having a concentration of 40 mg/l. Low 
concentration of total coliform bacteria was detected in the rainwater sample. Hydrogen sulphide was not 
detected in any of these samples. The stable isotopic composition of brackish water, freshwater and wastewater 
was found of depleted nature, whereas seawater was found enriched with positive readings. For the purpose of 
identifying a signature for the potential sources of water rise, total and fecal coliform were used for wastewater 
and TDS for freshwater as they uniquely represent these sources. 
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To investigate the impacts of the landfill on the groundwater levels and quality, an upstream well and 
downstream well were drilled to examine the changes that take place in the quality of groundwater as it passes 
through the landfill.  
Comparing the quality parameters of the two monitoring wells, about 60% drop in TDS values as the 
groundwater passes beneath the landfill was observed. Also, nitrate concentration was diluted by about 30%. 
Total and fecal coliforms, on the other hand, had risen from 0 to 54 and 8.6 MPN/100 ml, respectively. Given 
the fact that the water levels at downstream did not show any increase compared to its surrounding, the 
possibility of recharge at that location is unlikely. This suggests that such quality changes took place as the 
groundwater passed through the landfill.  
4. Conclusions and recommendations 
The rising of the groundwater levels at the areas of Al-Qurain, Al-Adan, Al-Qusour and Mubarak Al-Kabeer has 
been a concern for some time. The study relied on numerous field, laboratory and desktop investigations to 
assess the situation, identify the causes and recommend solutions. Such investigations included wells drilling, 
aquifer testing, borehole geophysics, topographic survey, continuous monitoring of water levels, and analysis of 
chemical, biological and isotopic parameters. 
The results have shown that the ground surface at the study area is sloping from 60 m (amsl) at the southwestern 
corner of the area to 16 at the northeastern corner, whereas groundwater is sloping from 31 m amsl to 15 m amsl 
in the same direction. These levels show that ground surface has a significantly steeper slope than the 
groundwater, which eventually causes water logging at the northeastern corner of the study area. 
Evidences from water table analysis, groundwater quality and isotopic signature suggest that the top 20 m of the 
groundwater are composed of freshwater from irrigation, wastewater from leakages, Kuwait Group formation 
groundwater, and to a significantly lesser extent, rain water. Beneath those top 20 m, the effect of surface 
recharge becomes insignificant. Though Dammam formation was encountered at depths ranging between 50 and 
70 m, the quality of the groundwater began to show signs of Dammam water intrusion around 30 to 35 m depth. 
This observation, the fact that the potential head of Dammam, as observed in the drilled wells, is above ground 
level, along with the steep ground slope, suggests that this area is more prone to suffer from water rise problems 
than other areas receiving similar surface recharge. A full year monitoring has revealed that there is about 50 cm 
of yearly fluctuations in the water levels, with their peak during January/February. This was explained by the 
recharge from rainfall as well as reduced evapotranspiration during the winter months, which leaves more 
excess irrigation water for recharge. The monitoring record also revealed that groundwater levels are fluctuating 
during the day, with the peak recharge during the early hours of the day. 
To deal with the water rise problem that is evident, as the results of this study show, two approaches should be 
followed. On one hand efforts should be exerted to reduce the symptoms of the problem by designing and 
implementing a dewatering operation that takes into consideration the geo-mechanical properties of the soil and 
the potential impact of groundwater pumping on the foundations of the buildings within the area. It is advised to 
utilize numerical modeling to ensure optimum placement of the dewatering wells and predict the groundwater 
fluctuations in response to pumping as well as seasonal variations of the recharge. Reuse of the pumped 
groundwater, i.e., after desalination, is highly recommended. On the other hand, efforts should be made to deal 
with the causes of the problem that is excess recharge. An awareness campaign that focuses on the outdoor 
water usages should be conducted to inform the residents of the potential impacts of their activities on their own 
properties. 
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